ABSTRACT Some H ii regions surrounding young stellar clusters contain tiny dusty clouds, which on photos look like dark spots or teardrops against a background of nebular emission. From our collection of H images of 10 H ii regions gathered at the Nordic Optical Telescope, we found 173 such clouds, which we call ''globulettes,'' since they are much smaller than normal globules and form a distinct class of objects. Many globulettes are quite isolated and located far from the molecular shells and elephant trunks associated with the regions. Others are attached to the trunks (or shells), suggesting that globulettes may form as a consequence of erosion of these larger structures. None of our objects appear to contain stellar objects. The globulettes were measured for position, dimension, and orientation, and we find that most objects are smaller than 10 kAU. The Rosette Nebula and IC 1805 are particularly rich in globulettes, for which the size distributions peak at mean radii of $2.5 kAU, similar to what was found by Reipurth and coworkers and De Marco and coworkers for similar objects in other regions. We estimate total mass and density distributions for each object from extinction measures and conclude that a majority contain <13 M J , corresponding to planetary-mass objects. We then estimate the internal thermal and potential energies and find, when also including the effects from the outer pressure, that a large fraction of the globulettes could be unstable and would contract on short timescales, <10 6 yr. In addition, the radiation pressure and ram pressure exerted on the side facing the clusters would stimulate contraction. Since the globulettes are not screened from stellar light by dust clouds farther in, one would expect photoevaporation to dissolve the objects. However, surprisingly few objects show bright rims or teardrop forms. We calculate the expected lifetimes against photoevaporation. These lifetimes scatter around 4 ; 10 6 yr, much longer than estimated in previous studies and also much longer than the free-fall time. We conclude that a large number of our globulettes have time to form central low-mass objects long before the ionization front, driven by the impinging Lyman photons, has penetrated far into the globulette. Hence, the globulettes may be one source in the formation of brown dwarfs and free-floating planetary-mass objects in the galaxy.
INTRODUCTION
Star-forming regions containing massive stars develop expanding bubbles of ionized gas, H ii regions, around a central cluster after the first massive O and B stars appear. Cold molecular material surrounds the H ii regions, sometimes developing long filamentary and rather massive pillars of gas and dust, so-called elephant trunks, extending from the shell and pointing at the central young cluster. It was recognized early on that some regions also contain a number of smaller clouds that appear as dark objects when silhouetted against the bright background nebulosity on optical images. Some clouds are relatively large and look like regular globules, but some are much smaller. The clouds may be round or shaped like teardrops pointing at the central hot stars, and many have bright rims indicative of surface activity induced by the incident stellar UV light and/or the expanding warm plasma in which the clumps are engulfed. The clouds are usually found in the vicinity of the trunks or shells and can be connected to these through filamentary threads, but some are quite isolated (Thackeray 1950; Herbig 1974) . The properties of such globules have been reviewed by Leung (1985) . Reipurth et al. (1997 Reipurth et al. ( , 2003 have taken a detailed look at the H ii region IC 2944, first studied by Thackeray, and their Hubble Space Telescope (HST ) material in particular revealed a large number of tiny dark clouds. Several of them are round and isolated and have no bright rims. It was concluded that they would disintegrate on timescales of less than 100 yr due to photoevaporation unless they were shadowed from stellar light, but no obvious screen for shadowing was observed. The size distribution, indicating two peaks, shows that most objects have characteristic radii of less than 10 kAU, and it was hinted that the smallest clouds may have masses of only a few Jupiter masses. Similar objects were also found by Smith et al. (2003) in the Carina Nebula in a search for so-called proplyds, photoevaporating circumstellar disks with central newborn stars (see, e.g., Bally et al. 2000) . HST images taken of the H ii region M16 revealed tiny clumps close to major elephant trunks, and Hester et al. (1996) speculated that these socalled EGGs (evaporating gaseous globules) would dissolve on timescales of <10 4 yr. Recently, De Marco et al. (2006) surveyed 10 H ii regions for small dark clouds and proplyds. In addition to IC 2944, another three H ii regions were found to exhibit a number of similar small starless clouds, while in other regions none or only some object(s) were found. It was suggested that the clumps may be selfgravitating and could form stars, at least if they were shadowed from the destructive stellar radiation. The size distributions turn out to be very similar to that obtained by Reipurth et al. (2003) , but with only one broad peak with effective radii extending from 300 to 5000 AU for IC 2944.
The tiny clouds constitute a specific class of interstellar clouds. They are similar to the much larger starless globules in their shape and physical state but distinctly different with regard to distribution, and are not the low-mass tail of the globules. In the literature they have many names, splinters, nodules, cusps, etc., and here we propose the name ''globulettes'' to distinguish them from globules.
Isolated free-floating planetary-mass objects have been located in interstellar space (Zapatero Osorio et al. 2000; Lucas & Roche 2000; Luhman et al. 2005; Jayawardhana & Ivanov 2006a) . It has been suggested that such planets once formed in circumstellar protoplanetary disks from which they were later ejected, or as a result of stripping of protostellar material through interaction with neighboring stars (see, e.g., Kroupa & Bouvier 2003) . The recent discovery of an isolated young binary of very low mass implies that low-mass objects may originate as a consequence of contraction of isolated small clouds (Jayawardhana & Ivanov 2006b) . In the present article we investigate whether the tiny clouds discussed above could also be a source of low-mass objects. Our investigation is based on deep H images of 10 H ii regions collected with the Nordic Optical Telescope. The area coverage is much larger than the HST-based surveys referred to above, but the spatial resolution is lower. On the other hand, most of our regions are closer than those previously studied (not IC 2944), and in many cases the actual physical resolution is not drastically different. In total we have found 173 small clouds in this survey. We make a detailed determination of their masses and discuss the physical conditions both inside and outside the clouds and whether or not they may contract. We also discuss their origins and lifetimes. Preliminary results obtained for two regions, namely, IC 1805 and the Rosette Nebula, were included in a licentiate thesis by T. G. (Grenman 2006) , in which our numerical methods for analyzing the observational data are reviewed in detail.
OBSERVATIONS AND REGIONS
Deep narrowband H images of 50 total fields in 10 H ii regions were collected with the 2.6 m Nordic Optical Telescope on La Palma, Canary Islands, Spain. The ALFOSC camera used has a field diameter of 6.5 0 , and the CCD detector has a scale of 0.188 00 pixel
À1
. The exposure times were 1800 s with few exceptions, and the seeing conditions were generally good, 0.7 00 Y1.1 00 . Two different filters were used: in 1999 a narrowband filter with 33 8 FWHM, covering the nebular emission from only the H line, and in 2000 a filter with 180 8 FWHM, also including the strong nebular emission lines of [ N ii] at 6548.1 and 6583.6 8, flanking the H line, and hence including more nebular emission. All images were flat-fielded and corrected for cosmic-ray excitations and bias. For the calibration of the intensity scale one also needs to correct for the light from the sky background, and therefore, sky exposures were collected in fields outside the emission nebulae. The nights were dark, except during parts of 2000 December 2 and 3, when there was moonlight. Several fields were observed twice, and some fields overlap. The agreement is excellent when comparing parameters derived for the same object exposed during different nights (and years) with different night sky conditions and at different positions in overlapping fields. Part of our Nordic Optical Telescope material was first used for a detailed study of elephant trunks in NGC 7822, IC 1805, the Rosette Nebula, and DWB 44, and more information on these regions can be found in Carlqvist et al. (2003) and Gahm et al. (2006) . Table 1 lists the central positions of the fields observed in the H ii regions selected with adopted distances based on the references quoted. NGC 7822 is relatively nearby and related to the Cep OB4 association centered on the young cluster Berkeley 59. IC 1848 and IC 1805 are connected to sites of extensive star formation in the Perseus arm. The Rosette Nebula (NGC 2237Y 2246) is a magnificent H ii region with numerous elephant trunks. A cavity has developed around the central massive, young stars. NGC 2264 and IC 2177 (related to CMa OB1) are relatively nearby ( 1 kpc) regions of star formation. NGC 6820 is related to the young cluster NGC 6823 and the Vul OB4 association, while for DWB 39, DWB 44, and an anonymous nebula in the crowded, so-called Cygnus X region (see, e.g., Dickel et al. 1969) , there is less information on distances and relations to sites of star formation. DWB 39 and DWB 44 belong to a system of nebulae that may be connected to the Cyg OB9 association according to Gyul'budagyan et al. (1994) , who assigned a distance of 0.74 kpc. The anonymous nebula observed by us may be connected to the same association. The majority of the fields are in the Rosette Nebula and IC 1805, as displayed in Figures 1 and 2 , while for three regions we have only one exposure, each centered on elephant trunks. In total we covered an area of $1570 arcmin 2 . We located 173 distinct clouds of different sizes. Of these 145 are in the Rosette Nebula (NGC 2237Y2246), which is also best covered, and 18 in IC 1805, and we focus our discussion on objects in these two regions. In half of the regions not a single object was found. Similarly, in the survey by De Marco et al. (2006) only half of the regions contained cloudlets, and in the central part of the Orion Nebula, where star formation has ceased, there are many proplyds but few starless cloudlets. Our sample of regions is entirely different from those that have been surveyed for small clouds before, but several of the largest elongated features in the Rosette Nebula were already noticed by Herbig (1974) . Most of the clouds we found are sharp and slightly elliptical, even circular, and without any sign of bright rims indicative of ongoing surface activity. Some are more elongated, even shaped like teardrops but with a distinct head, and these can be connected to nearby trunks with thin dark filaments. The teardrops may also have bright rims on the side facing the center of the H ii region. There are also isolated clouds with bright rim features, like diffuse halos surrounding a dense core.
OBSERVED AND DERIVED PROPERTIES OF THE CLOUDS
Most of the globulettes found in the Rosette Nebula are in the fields covering the long chain of dark filaments and trunks just to the north and northwest of the central cavity. There is no evidence of any obscuring structures in the area over the cavity, and it is likely that this area is also void of very small clouds. Figure 3 shows examples of globulette-rich fields in the Rosette Nebula and IC 1805. The top panels show areas in field 8, which contains larger blocks of obscuring matter reminiscent of the irregular globule called Thackeray 1 by Reipurth et al. (2003) in IC 2944. The globule in the right panel is connected to the general shell, while the one in the left panel is rather isolated and may have fragmented from the shell. The bottom panels show areas close to big trunks, named by Carlqvist et al. (2003) in the Rosette Nebula and IC 1805. Note that some globulettes are quite isolated and appear as dark spots with or without bright rims or halos. The globulettes are designated with ''G'' and a running number for each region. A brief reference to the H ii region in question is added as an index in order to avoid confusion.
In Figure 4 we zoom in on a number of globulettes starting with a series of round and well-defined objects, followed by some examples of irregular and very elongated objects. Such flat globulettes are few, and since they are all lined up and point at the central clusters, they are more likely teardrops than disks. A few globulettes are double and connected with thin dark filaments. G RN 94/95 is an example of such a pair. The bottom rows show objects with bright diffuse halos with or without visible dark cores.
To start with we determined the central positions of the objects based on coordinate systems constructed from several reference stars in each field. The outer contour of an object is set where the intensity level has dropped to 95% of the interpolated background nebular intensity. Outside this contour the level of noise starts to affect the definition of the boundary, but as a rule very little matter resides in the outskirts. Thereafter ellipses are fitted to the contours using a method developed by Fitzgibbon et al. (1996 Fitzgibbon et al. ( , 1999 , and we derive the seeing-corrected sizes (semimajor and semiminor axes), as well as the position angles of the elongated objects. With the adopted distance we then find the physical dimensions of the objects and define a characteristic radius r as the mean of the semimajor and semiminor axes. The so-derived positions, dimensions, and orientations are listed in Table 2 together with information on which objects have bright rims or halos (BR), pronounced tails (T), or distinct filamentary connections (F) to larger cloud structures. Reipurth et al. (2003) made some estimates of the masses of globulettes on the basis of their average optical depth, a method that was applied earlier to proplyds (O'Dell & Wen 1994; McCaughrean & O'Dell 1996) . We have undertaken a more thorough analysis to derive the masses of the globulettes. The residual intensity for each pixel within a cloud relative to the interpolated bright background relates to the extinction due to dust at 6563 8 (A ). However, we do not know how much of the residual intensity is due to foreground emission from the H ii regions engulfing the object. Two extreme cases were considered: no foreground emission at all, or practically all the residual intensity in the darkest areas of each object being caused by foreground emission. In the latter case we have set the level of the foreground emission to 95% of the darkest area of the object in order to avoid situations in which the extinction, and thereby the column density, becomes infinite in individual pixels because of noise. We have assumed a standard interstellar reddening law (Savage & Mathis 1979) to compute the visual extinction, A V ¼ 1:20A , and from this we compute for each pixel the column densities of molecular hydrogen, N (H 2 ) ¼ 9:4 ; 10 20 A V , according to the relations by Bohlin et al. (1978) , including the standard mass ratio of gas to dust of 100 and assuming that all hydrogen is in molecular form. In order to obtain the total column density we assume that a cosmic chemical composition applies (with a mass fraction of hydrogen of f H ¼ 0:73). The final relation between total column density N expressed in g cm À2 mag À1 and A can be written
where m H 2 is the mass of a hydrogen molecule. For each object we then sum over all pixels inside the contour defined above and obtain the total mass. We finally take the mean of the two extreme cases defined above as a measure of the total mass of each object. The extreme values differ from this mean by AE50% on average. The first five rows show some dark, relatively well-defined, rather round objects, and the fifth row contains some very tiny objects. The sixth row shows teardrop-shaped objects without bright rims. The star in G RN 72 is probably not connected to this very diffuse globulette, while G RN 91 appears to have a close foreground star, which illuminates the surface of the globulette. G RN 94/95 is an example of the rather few double globulettes found. Examples of teardrop-shaped globulettes with bright rims, also some with a rather flat appearance, are shown in the seventh row, and objects with bright halos are in the eighth row. In the ninth row are examples of diffuse, bright objects (designated BO), not investigated here. The images span 17 00 ; 17 00 . We also derive the column density profiles of the globulettes from the extinction profiles across the globulettes. The observed extinction profiles must be corrected for the influence of seeing, which is of importance only for the smallest objects. Many objects may be slightly concentrated toward the center, but not as much as would expected from a standard r À1.5 dependence, representing protostellar conditions. Therefore, the cores of most objects are represented rather well with a density law assuming uniform volume density (see the example in Fig. 5 ), and we calculate this average density. The total number densities range from 3 ; 10 3 to 1 ; 10 5 cm À3 and cluster around 10 4 cm
À3
. The so-derived masses and densities (with in 10 À20 g cm
) are entered in Table 2 . Notes.-Shown are central positions, dimensions, position angles, mean masses, and densities. ( BR) Bright rim or halo; ( T) pronounced tail; ( F) distinct filamentary connection to larger cloud structures. Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. In the position angle column, asterisks indicate that the position angle is not well defined (round object). Table 2 is also available in the electronic edition of the Astronomical Journal.
Interestingly, four of our larger objects in the Rosette Nebula, G RN 12, 13, 39, and 40, were detected in CO by González-Alfonso & Cernicharo (1994) , and total masses were derived based on the gas content. The agreement with our mass estimates, based on the dust content, is excellent, which supports our method and also the assumption of a normal gas-to-dust ratio. González-Alfonso & Cernicharo also derived the internal temperature of their clouds, from which we find a mean of T ¼ 18 K , which we adopt as the internal temperature for all our clouds in the subsequent analysis.
RESULTS

Statistics
More than half of the globulettes are nearly circular, and no position angle can be defined. Only a minority are irregular or have pronounced teardrop forms with or without filamentary connections. In Figure 6 we show the orientation of the elongated objects in the Rosette Nebula, and as noted by Herbig (1974) they all point at the central cluster. The same pattern is also evident in IC 1805 and other regions with a smaller number of objects. In addition, the distribution of ellipticity of the globulettes is similar for the two regions.
The size distributions of globulettes in the Rosette Nebula and IC 1805 are shown in Figure 7 . The majority of the objects have radii <10 kAU, and the distribution peaks at $2.5 kAU. This corresponds well with the distributions found by De Marco et al. (2006) , with the difference that objects smaller than $0.7 kAU escape detection in our survey. IC 1805 has a similar distribution of sizes, but since the region is more distant, the low-mass limit is larger. Figure 8 shows the distributions of mass for globulettes in the Rosette Nebula and IC 1805. One finds that the distribution is dominated by objects with masses <13 M J , which is currently taken to be the domain of planetary-mass objects. Regular globules, clouds with masses >60 M J , are rare. Objects with masses <1 M J may escape detection. The detection limit varies depending on the distance to the H ii region in question and to the contrast. None of our objects contain central stellar objects or coincide in position with IR sources listed in the Two Micron All Sky Survey (Skrutskie et al. 2006) . Hence, there is so far no evidence of embedded objects, but deeper searches for IR sources of very low luminosity are needed. As it stands, we have not found a single proplyd candidate in our survey. We conclude that most globulettes have masses of around a few Jupiter masses only. Hence, the indication is that these small clouds cannot form normal stars.
Physical Parameters
Next we turn to the question of the physical state of the globulettes, and whether or not they may be unstable to gravitational contraction. Based on the findings above we assume that the globulettes are uniform with regard to density and temperature and that they can be approximated by spheres. The temperature is set to T ¼ 18 K, from the empirically derived mean by González-Alfonso & Cernicharo (1994) mentioned in x 3. The internal gas pressures were calculated and scatter around 2:5 ; 10 À11 dyn cm
À2
. Since we have no evidence of embedded sources, we expect no mechanism of internal turbulence, which is hence neglected in the subsequent analysis. In addition, we assume that there is no rotation or any remaining frozen-in magnetic fields. We then compute the total thermal energy of the globulettes, K, assuming that all hydrogen is molecular and has a standard mean molecular weight of ¼ 2:4. The potential energy W ¼ À3GM 2 /5r for this type of object, where r is the mean radius defined in x 3. The virial theorem is applied, and in this first step the criterion for a globulette to contract would be 2K/(ÀW ) < 1. One then finds that with the assumptions made, the condition for gravitational contraction is not realized, and that only a few of the most massive clouds are close to virial equilibrium. One would then expect all globulettes to disintegrate on short timescales, just as was concluded in earlier surveys. However, the influence of the outer pressure exerted by the warm, turbulent plasma surrounding the objects has been neglected so far, and we proceed to estimate its effect on the globulettes in question, focusing on objects in the Rosette Nebula and IC 1805.
For the Rosette Nebula there is rather detailed information on electron temperatures T e , electron densities n e , degrees of ionization and turbulent velocities at different locations within the nebula. Most of our globulettes reside in the northern and western parts. From the non-LTE calculations by Celnik (1985) we adopt T e ¼ 5800 K and n e ¼ 10 cm À3 to represent all our locations. From information on the degree of ionization of the gas and assuming a cosmic chemical composition, the total number densities n were calculated, then providing an estimate of the outer gas pressure of P gas ¼ 1:8 ; 10 À11 dyn cm
. Turbulent velocities v turb were inferred by Viner et al. (1979) from the width of radio recombination lines. Very high turbulent velocities, v turb ¼ 36 km s À1 , were found in the southeastern quadrant, diminishing to 11 km s À1 to the west and even less in the northwest, v turb < 7 km s
À1
. Taking v turb ¼ 10 km s À1 as representative we calculate an average turbulent pressure of P turb ¼ 2:9 ; 10 À11 dyn cm À2 , rather close to the case of equipartition between thermal and turbulent energies. For the subsequent calculation of the total outer pressures we simply assumed that such an equipartition holds for all our regions. For IC 1805, Tereby et al. (2003) also found electron densities of $10 cm
À3
. The conditions in IC 1805 are similar to those of the Rosette Nebula, and therefore, we have used our estimated average value of the total outer pressure of P out ¼ 3:6 ; 10 À11 dyn cm À2 for the subsequent analysis of all our globulettes in both the Rosette Nebula and IC 1805. The total outer pressure is typically a factor of $1.5 higher than the internal gas pressures.
Including the outer pressure in the virial theorem, the condition for gravitational contraction is 2K/(ÀW þ 3P out V ) < 1 (where V is the volume). This quantity was computed for the globulettes in the Rosette Nebula and IC 1805, and the results are shown in Table 3 . In contrast to the first calculation made above, we now find that a majority of the globulettes can contract. Of these a total of 43 objects have masses below 13 M J and would form planetary-mass objects rather than brown dwarfs.
Hence, we find that the outer pressure is a critical parameter when applying the virial theorem to the globulettes. Small changes in the assumptions leading to the calculated value of P out will drastically change the number of objects that we predict to contract. Even with zero turbulent pressure, a number of objects would contract, and these are marked with an asterisk in Table 3 . If the gas temperature is more like 10 4 K, which is often assumed for H ii regions, then more objects are confined and can contract. This would also happen were the internal temperatures lower than the 18 K adopted, like in normal globules (Martin & Barret 1978; Keene 1981) . The exact definition of where to draw the outer border of a given globulette is also of importance, especially in the cases in which the outskirts are diffuse.
However, there are two more pressure forces to consider. One is the radiation pressure P rad , acting on the globulette on the side facing the star. The total luminosity of all cluster stars was found to be 4:3 ; 10 6 L for IC 1805 (Massey 1995) , as well as for the Rosette Nebula (Cox et al. 1990) . A majority of the globulettes in the Rosette Nebula are located in areas close to the filamentary shell from which the Wrench trunk also extends, and this system is a foreground network of filaments, with the Wrench trunk tilted by $45 to the plane of the sky (Schneps et al. 1980; Gahm et al. 2006) . Hence, the globulettes are located rather far out in the spherical nebula. From this we derive a distance to the central O stars of $8 pc, and the expected radiation pressure at this distance is P rad % 8:5 ; 10 À11 dyn cm
À2
. Note that elongated objects in this area are likely to be tilted by $45
to the line of sight, but when including this geometry in the derivation of the mean density, the differences to the values presented in Table 2 are small. Note.-Asterisks indicate X < 1, also without external turbulence.
The globulettes in fields 5, 9, 10, 12, and 17 are at about the same distance from the center, since they are located closer to the plane of the sky, and for these objects we expect similar values of P rad . The globulettes in IC 1805 are close to the sky plane but at a larger distance from the central cluster, and for these objects we derive P rad % 1 ; 10 À11 dyn cm
. If the globulettes are lagging behind in the general expanding plasma in the H ii regions, then additional force from the ram pressure P ram will also act on the globulette surface facing the central cluster. If the difference in velocity between the plasma flow and the globulettes is Áv and the plasma density is p , then P ram ¼ (Áv) 2 p . It was concluded by Gahm et al. (2006) that the elephant trunks have already accelerated in the expanding plasma, and that the difference between flow velocity and trunk velocity can maximally be a few kilometers per second. Many of our globulettes cluster in areas surrounding trunks, and many have no tails, indicating substantial interaction with gas flows and radiation. This also indicates that the globulettes are flowing outward, and may in fact once have been detached from the radially moving trunks. With a Áv of a few kilometers per second only, P ram $ 10 À12 dyn cm À2 , i.e., an order of magnitude smaller than the radiation pressure. For the globulettes with evidence of surface activity, and with pronounced teardrop forms, we simply do not know what the trade-off is between warm plasma flowing around the globulettes and the radiation pressure, both resulting in shaping the objects and inducing surface activity.
The combined radiation and ram pressures produce an extra force on one side of the globulette, and one could envision how objects close to virial equilibrium will become compressed and start imploding from the side facing the central clusters. However, the globulettes are also subject to disrupting forces. So far we have regarded the objects to be stationary, but in the following the dynamic states of the globulettes are also considered.
DISCUSSION
The surveys of small, dark clouds, globulettes, in H ii regions indicate that some regions may host hundreds of such objects, while other regions contain just a few. Many globulettes are dark, round and isolated, and in earlier studies (Reipurth et al. 2003; De Marco et al. 2006) it was speculated that blocks of obscuring material closer to the central clusters would screen the objects from direct stellar light, since the timescales for photoevaporation were expected to be short, <100 yr. The central regions in, for instance, the Rosette Nebula and IC 1805 are void of any obscuring structures, and it appears that the shell structures with the associated elephant trunks are not always spherically distributed around the expanding H ii regions. The question of their survival against radiation must be reconsidered, and below we also discuss the origin and evolution of the globulettes.
Photoevaporation
The effects of photoevaporation on interstellar clouds have been investigated by Bertoldi (1989) , Bertoldi & McKee (1990) , and Gorti & Hollenbach (2002) , and the theory has been applied to globules in H ii regions such as IC 1848 (Lefloch & Lazareff 1995) , the Rosette Nebula (White et al. 1997) , and NGC 3372 (Smith et al. 2004) . Similar processes occur in knots developing teardrop shapes in planetary nebulae (see, e.g., Cantó et al. 1998; Mellema et al. 1998; López-Martín et al. 2001) . A cloud exposed to radiation will go through a two-step process. During the first phase the impinging photons start to ionize the surface layers. Overpressure leads to outgassing at the surface at the same time as a shock wave is driven inward, leading to compression and moderate heating. The time for the shock to pass the entire cloud is relatively short, but next the clump evolves into a ''cometary phase,'' in which the object is slowly further compressed and sculpted into a teardrop form. An ionization front is set up in the object and produces a flow streaming outward, and this flow absorbs incoming photons. Therefore, the short timescales for disruption of globulettes discussed above, relying on the total mass available for ionization in comparison to the number of incoming photons, does not apply. Instead, it is more appropriate to consider the timescale for contraction of clumps during this second phase of evolution. Following Mellema et al. (1998) , the timescale for complete ionization of a clump is
where t Ã ¼ v Ã h 0 /c 2 0 , with v Ã being the velocity of the ionization front, c 0 the sound speed of the neutral medium, and h 0 the characteristic size of an object, and is related to the incident flux of ionizing Lyman continuum photons, the recombination coefficient, the size of the object, and the isothermal sound speed in the ionized medium. With the parameters relevant to our globulettes, it is realized that the last term in the brackets in equation (2) is negligible, and t ion % t Ã . Conservatively setting h 0 ¼ r, we find that the expected lifetimes of globulettes against photodisintegration scatter around 3:8 ; 10 6 yr, which is comparable to the cluster age and much longer than the timescales estimated earlier.
We conclude that the objects may survive destruction from photoevaporation for a very long time. This explains the presence of isolated globulettes in regions unprotected from radiation from the central cluster. It also implies that a given clump can detach from a filamentary shell, or an elephant trunk, and move far out into the surrounding plasma without losing much mass. Far from all our globulettes show clear signs of bright rims indicative of ongoing photoevaporation. Many of these are unstable against contraction but may lack the particular implosion phase driven by photoevaporation.
Contraction
The timescale for gravitational collapse is given by
where 0 is the density. For the objects that we found to be unstable and able to contract in the Rosette Nebula, t ff is in the range of 2 ; 10 5 Y 4 ; 10 5 yr, and for those in IC 1805 around 6:5 ; 10 5 yr. Thus, the estimated contraction times for the globulettes in the Rosette Nebula and in IC 1805 are much smaller than the timescale derived above for photoevaporation. Therefore, it appears that our globulettes can contract to form low-mass objects, brown dwarfs or planetary-mass objects, even long before the clouds start to dissolve. One would therefore expect that objects formed early in the evolution of the expanding H ii region would have long since either disintegrated or formed low-mass objects, which could be one explanation of the absence of globulette-like bodies in the central parts of the Orion Nebula (Bally et al. 2000) . The central regions of the Rosette Nebula and IC 1805 are void of dark markings in optical images, but the elephant trunks in the outskirts are expanding outward with the shell (Gahm et al. 2006) . One must therefore assume that the filaments and clouds once developed in the central region have already accelerated and moved outward, which may also be the case in the Orion Nebula.
Origins
So far no survey of an entire H ii region has been made to search for tiny clouds. Nevertheless, the absence of dark markings on existing images of the central parts of many regions suggests that the globulettes are located farther out, close to the elephant trunks and the shells. We note that Vannier et al. (2001) and Lacomb et al. (2004) discovered a number of tiny clumps embedded in larger molecular clouds. It is of course possible that when a parent molecular cloud disperses these cores are left free and will appear as globulettes. Regardless of this, we have found that the elephant trunks are filamentary and contain clumps, and it is natural to assume that these clumps are the embryos of the globulettes, which fragment from the trunks. We have many examples of tiny dark clouds with filamentary connections to shells or trunks. Examples of such semidetached globulettes are G 1805 5, 8, and 12 and G RN 13, 52, and 102. One can envision how the dark cores eventually will detach from the filaments and form isolated globulettes.
As pointed out by Gahm et al. (2006) , many trunks have jawlike heads with clumps swinging out in the surrounding plasma with rotation. A dramatic example is the so-called Batman trunk in DWB 44, where the head has evolved into an extended wing of filamentary and knotty material, which is moving at high angular speed. It was also pointed out that many trunk heads have developed filamentary ''strings,'' which have detached from the trunks. Structures like these can be expected to erode quickly and form smaller bodies.
In the area surrounding the Wrench trunk there are several interesting features that may be key objects in understanding the creation of globulettes. Figure 3 (middle left) shows an area to the northeast of the Wrench trunk, which includes the objects G RN 87Y 95. To the north is a typical jawlike head with helical filamentary endings in a trunk extending north. The string of globulettes appears to be connected to the Wrench trunk, however, and the globulettes must have formed as a result of fragmentation of a filament that became detached from the trunk. South of the string there are diffuse globulettes with bright halos, some of which have faint filamentary connections to the string, and therefore, it appears that these are already in a more advanced phase of erosion from photoevaporation and possibly streaming plasma. Figure 3 (bottom right) shows the area south of the Wrench trunk, including the remarkable clumps at the edge of each jaw, G RN 73 and 79, which are still attached to the trunk. South of the jaws are several objects with dark cores and bright spherical halos, G RN 78, 80, and 84, and in addition, there are a few diffuse objects without visible dense cores. The jaw in the Wrench rotates, and the whole trunk moves radially outward from the central cluster. The massive head lags behind in the expansion, so the trunk is stretching. The trunk, therefore, is subject to several disrupting forces. The assembly of small clouds could result from an erosion process, in which smaller clouds fragment in the head and are being chopped off from the trunk. They start to photoevaporate, and bright rims and halos develop. Some of these still maintain dense cores, while others appear to be almost entirely dissolved. Globulettes originating from clumps in rotating trunks can start moving away from the trunks.
The relatively large clumps, G RN 73 and 79 attached to the jaws, could then be precursors of isolated globulettes, such as those found rather far out from the main trunk. The condition of contraction is satisfied (see Table 3 ), and since the ratio of lifetimes is t A /t Ã T1 for the objects in question, they will have time to contract long before they are dissolved by photodisintegration. The globulettes with dark cores surrounded by bright halos south of the jaws could represent an intermediate phase before substellar objects are eventually formed. It is puzzling that the halos around these objects are spherical and not just bright rims facing the cluster. They cannot be teardrops with the bright rim on the backside seen from us, in which case they would point in a direction away from the central cluster. As mentioned above, the direction to the central cluster for these objects is at an angle of %45 to the plane of the sky. If bright rims are developing on the side facing the cluster, then we would observe asymmetric bright rims oriented toward the center. These objects are engulfed in gas and dust, which eroded from the main trunk at an earlier phase. It is possible that scattered Lyman continuum photons may contribute significantly to the photoevaporation in this environment, in which case spherical, bright halos could form from recombination. Another puzzle is that there are isolated objects that lack any sign of surface activity. Could it be that the outgassing bubbles are so thin that they are below the detection threshold of our H images, or that most emission originates from the backside of the objects?
Our survey has demonstrated that some H ii regions host a large number of small clouds, which have fragmented from elephant trunks and shell structures. These clouds, the globulettes, come in different forms, and although many show evidence of surface activity induced by stellar radiation, and possibly also plasma flows, there are numerous examples of isolated dark objects without any detected signs of interaction with the environment. The majority of the objects are of planetary mass and are unstable against contraction when considering the influence of the outer pressure exerted by the surrounding plasma. In addition, the flow of incident Lyman continuum photons leads to photoevaporation, inducing an implosion and shock-driven compression in the objects. We have shown that the lifetime against complete ionization from photoevaporation is much longer than the expected free-fall time, and hence, we conclude that a number of the globulettes studied are likely to contract to form both brown dwarfs and planetary-mass objects long before the surface layers have dissolved. This is opposite to the case for planetary nebulae knots, which are smaller and thinner.
It cannot be excluded that some globulettes already contain central mass concentrations, and even substellar objects, and it would be of great interest to search for embedded IR lowluminosity objects. It would also be of interest to make a deeper search for possible faint halos surrounding isolated globulettes for which we have not detected any evidence of photoevaporation. A survey of the small globulettes for molecular emission would provide independent checks on the mass estimates, and indirectly on the gas-to-dust ratio, in addition to information about the internal temperatures and radial velocities of the objects.
Conclusions
Our H images of a number of fields in H ii regions surrounding young stellar clusters have revealed that some of these regions host a large number of tiny clouds, which appear as dark spots or teardrops when silhouetted against the bright nebular background. A total of 173 such objects, which we call ''globulettes,'' were studied in detail. They are much smaller than normal globules and form a distinct class of objects. Most of our objects are round or only slightly elliptical, and only a minority have bright rims facing the central clusters and/or filamentary connections to shells or elephant trunks in the area. We measured positions, dimensions, and orientations of all objects. Most elongated globulettes point at the central clusters.
We derive the size distributions of the globulettes. Most objects have mean radii <10 kAU. The majority of our globulettes are found in the Rosette Nebula and IC 1805, where the distributions peak at mean radii of $2.5 kAU, similar to what was found in a couple of previous studies of similar objects in other H ii regions.
We estimate the total mass of each globulette by measuring the extinction of background light, assuming standard laws of extinction and calibrations of the column densities of dust versus total column densities. An average mass was calculated from two extreme assumptions on the amount of foreground emission present over the darkest part of each globulette. A few of our mass estimates, based on the content of dust, were compared to those based on the gas content, as derived by others from observations of CO. The agreement between the two independent mass estimates is excellent.
We find that the globulettes are of substellar mass and that the majority have masses <13 M J , corresponding to planetary-mass objects. None of our objects appear to host embedded stellar sources, unless they are very faint.
From the column density profiles of the globulettes we derive the distribution of the density, and as a first approximation we can apply a uniform density law. The total number densities scatter around 10 4 cm
À3
. We then estimate the internal thermal and potential energies and find, when also including the effects from the outer pressure, that a large fraction of the globulettes could be unstable to gravitational contraction and would form low-mass brown dwarfs or planetary-mass objects on short timescales, <10 6 yr. In addition, the radiation pressure and ram pressure exerted on the side facing the clusters would stimulate contraction.
We show that the isolated globulettes are not screened from stellar light by dusty clouds in the direction of the central O and B stars, and we evaluate the effects of photevaporation generated by the impinging Lyman continuum photons. Following the standard theory developed for photoevaporating knots in planetary nebulae, we estimate the lifetimes for the globulettes to undergo total ionization. These lifetimes scatter around 4 ; 10 6 yr, much longer than estimated in previous studies and also much longer than the free-fall time. We conclude that a large number of our globulettes have time to form central low-mass objects long before the ionization front has reached far into the interior. The brightrimmed globulettes indicate ongoing photoevaporation, but we are puzzled by the large number of completely dark, round, and isolated globulettes lacking any sign of surface activity.
We conclude that the globulettes may very well be seeds of brown dwarfs and free-floating planetary-mass objects, and hence that low-mass objects may form in situ in interstellar space and not only by ejection from, or disruption of, protoplanetary disks. The newly discovered binary systems with components of very low mass may indicate similar formation scenarios.
Finally, we discuss the formation of globulettes with examples suggesting that they may form from the fragmentation of structures inherent in eroding elephant trunks.
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